Abstract: A polygalacturonase (PG) isozyme was isolated from Penicillium solitum-decayed Anjou pear fruit and purified to homogeneity with a multistep process. Both gel filtration and cation exchange chromatography revealed a single PG activity peak, and analysis of the purified protein showed a single band with a molecular mass of 43 kDa, which is of fungal origin. The purified enzyme was active from pH 3.5-6, with an optimum at pH 4.5. PG activity was detectable 0-70 C with 50 C maximum. The purified isozyme was inhibited by the divalent cations Ca 2+ , Mg 2+ , Mn 2+ and Fe 2+ and analysis of enzymatic hydrolysis products revealed polygalacturonic acid monomers and oligomers. The purified enzyme has an isoelectric point of 5.3 and is not associated with a glycosylated protein. The PG isozyme macerated fruit tissue plugs in vitro and produced ,1.2-fold more soluble polyuronides from pear than from apple tissue, which further substantiates the role of PG in postharvest decay. Data from this study show for the first time that the purified PG produced in decayed Anjou pear by P. solitum, a weakly virulent fungus, is different from that PG produced by the same fungus in decayed apple.
INTRODUCTION
The plant cell wall is the primary barrier that prohibits ingress by plant pathogens (Walton 1994) . It is composed mainly of structural biopolymers of polysaccharides and proteins, which are broken down by cell wall-degrading enzymes (CWDE) including pectinases, proteases and cellulases (Cooper 1983) . Polygalacturonases (PG) (EC 3.2.1.15) are produced by phytopathogens to aid in the invasion and colonization of host tissue. PGs are detectable in the initial stages of plant infection and are produced in large amounts during host colonization (Bateman and Miller 1966) . PG enzyme activity is highly correlated with decay characterized by tissue maceration and soft rot, as is evident with many postharvest diseases (Bateman and Basham 1976) .
Pectin is composed of D-galacturonic acid polymers joined by a-1,4-glycosidic bonds, which are crosslinked by ionic interactions of carboxyl groups with divalent cations. Carboxyl groups of polygalacturonic acid can be methyl esterified, which alters the degree of cross linkage between polypectate chains (Heldt 1997) . Pectin is located in the middle lamella of plant cell walls of dicots and nongraminaceous monocots. It forms complexes with hemicelluloses to strengthen cell walls, is crucial for plant tissue organization and adds texture to fruits and vegetables (Pilnik and Voragen 1991) . Polygalacturonases are produced by plants and in pear have been shown to be involved in fruit ripening and softening via degradation of cortical cell walls (Hishawa et al. 2003 , Sekine et al. 2006 .
Blue mold of pome fruits in storage is caused by two closely related filamentous fungal plant pathogens, Penicillium expansum and P. solitum. The latter is the less aggressive species (Pitt et al. 1991) . These fungi infect fruit primarily through wounds and can cause significant economic losses in storage (Yao et al. 1996) . However these fungi also can gain ingress through surface cracks in the skin and natural openings in the fruit (i.e. lenticels) ( Janisiewicz and Peterson 2004) . Penicillium species can survive saprophytically in the soil and on packing house walls and in fruit storage bins (Sholberg et al. 2005) and also have been isolated from processed meats, cheeses, bread and cereals (Pitt et al. 1991) .
Unlike polygalacturonases in plants, fungal PGs are secreted enzymes that facilitate colonization of the host and pathogen virulence. However the role of PG in the P. solitum-pear pathosystem has not been determined. Therefore the objectives of this study were to (i) isolate and purify PG from P. solitumdecayed pear fruit, (ii) biochemically characterize the purified PG, (iii) determine whether this PG isozyme is capable of macerating pear and apple fruit tissue in vitro, and (iv) compare the biochemical and biophysical properties of the purified PGs from P. solitum decayed pear and apple fruit.
MATERIALS AND METHODS
Fruit, pathogen and chemicals.-Anjou pear fruit were purchased from a local market in Beltsville, Maryland. P. solitum (supplied by Dr Robert Spotts, Oregon State University) was isolated from naturally infected apple fruit and was used in Jurick et al. (2009) . P. solitum cultures were maintained on potato dextrose agar. All chemicals used in this work were purchased from Sigma Chemical Co. (St Louis, Missouri) unless indicated otherwise.
Extraction and isolation of PG.-Anjou pears were washed with soap and water, sprayed with 70% ethanol and dried with a paper towel. Fruit were subjected to wound inoculation with 50 mL conidial spore suspension of P. solitum (10 5 conidia/mL) as described by Jurick et al. (2010) , wound inoculation with 50 mL sterile water; and addition of 50 mL sterile water on the fruit surface of unwounded healthy pears. After 14 d storage at 24 C the peel over the lesion, healthy or wounded area was removed and the tissue was collected for extraction. Decayed tissue was weighed, and an equal amount of tissue also was harvested from the healthy and wounded pears. All extraction and purification procedures were carried out at 4 C. Tissue was added to an equal volume of 20 mM 2-[Nmorpholino] ethanesulfonic acid (MES) with 1 M sodium chloride (pH 6.0) and stirred 30 min followed by filtering through MiraclothH (Calbiochem-Behring, La Jolla, California). The filtrate was centrifuged at 20 000 g for 30 min, and ammonium sulfate was added to the supernatant to 40% saturation while stirring. Once the ammonium sulfate dissolved the mixture was centrifuged 30 min at 20 000 g. Ammonium sulfate again was added to the supernatant to obtain 90% saturation. The mixture was centrifuged 30 min at 20 000 g and the supernatant was placed in a labeled container. The 90% pellet was dissolved in 20 mM MES with 0.15 M NaCl (pH 6.0) and stored at 4 C. PG enzyme activity (see below) was evaluated for all fractions of decayed, healthy and wounded tissue (40% and 90% pellets and supernatant) but was detectable only in the 90% pellet fraction from P. solitum-decayed material.
PG purification.-The dissolved 90% ammonium sulfate pellet from P. solitum-decayed Anjou fruit tissue (5 mL) was fractionated on a Sephacryl S-200 column (2.5 3 52 cm) that was equilibrated with 20 mM MES with 0.15 M NaCl (pH 6.0). PG was eluted using the above buffer at 30 mL/h and 60 4 mL fractions were collected. After elution gel filtration fractions exhibiting PG activity (see below) were pooled and dialyzed overnight against 20 mM MES (pH 6.0).
PG was purified further with a CM-Sephadex column (Pharmacia C-25 cation exchange) equilibrated with 20 mM MES, pH 6.0. The solution was loaded onto the column (1.6 3 9.8 cm) and eluted with a linear gradient (30 mL/h) of 20 mM MES to 20 mM MES with 2 M NaCl (pH 6.0) reaching a maximum of 1 M NaCl. Thirty 4 mL fractions were collected and stored at 4 C for further analysis.
Biochemical characterization of PG.-PG activity was determined by measuring reducing sugars released from sodium polypectate with D-galacturonic acid as the standard (Yao et al. 1996 ). An aliquot of the enzyme preparation was mixed with 0.1 mL assay buffer (100 mM sodium acetate, pH 5.5, containing 0.4% polygalacturonic acid) and adjusted to a final volume of 0.2 mL with water in 13 3 100 mm borosilicate tubes. This mixture was incubated at 37 C for 20 min, and 1 mL 100 mM borate-borax buffer (pH 9.0) was added to stop the reaction. Solutions of 0.1% 2-cyanoacetamide (0.2 mL) were added and samples were placed into a boiling water bath for 10 min. Samples were equilibrated to 20 C and absorbance at 276 nm was measured. Control reactions were carried out by adding borate-borax buffer with 2-cyanoacetamide before the addition of substrate buffer and were assayed for each sample to determine background levels of reducing sugars. One unit of PG activity was defined as the amount of enzyme required to release one micromole of reducing sugar per min per milliliter under the assay conditions employed.
Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) of cation exchange purified PG (20 mL) was performed in a Bio-Rad Mini-PROTEAN III cell with a precast 12% polyacrylamide gel according to Leammli (1970) . The molecular mass of the protein was estimated with Protein Plus Precision Standards (Bio-Rad Laboratories, Hercules, California). The gel was stained with the SilverQuest staining kit (Invitrogen, Carlsbad, California) according to the instructions provided.
To determine optimal pH for PG activity assays were performed with 0.0135 U purified PG in 100 mM sodium acetate (pH 3.5-5.5) and 100 mM MES (pH 6.0-7.0) with 0.4% polygalacturonic acid at 37 C. Reactions were conducted in triplicate and the experiment was repeated. A control reaction was carried out by adding borate-borax buffer with 2-cyanoacetamide before the addition of substrate buffer and were assayed for each sample to determine background levels of reducing sugars.
The optimal temperature for PG enzyme activity was determined with the reducing sugar assay by incubating 0.0135 U purified PG with 100 mM sodium acetate buffer pH 4.5 in 13 3 100 mm borosilicate tubes placed in water baths at 0, 5, 10, 20, 37, 50 and 70 C for 20 min. Assays for each temperature were conducted in triplicate and the experiment was repeated. A control reaction was carried out by adding borate-borax buffer with 2-cyanoacetamide before the addition of substrate buffer and were assayed for each sample to determine background levels of reducing sugars.
Thermal stability of the purified enzyme was determined by boiling aliquots of the enzyme (0.0135 U) for 0, 15, 30, 45 and 60 min and assaying activity in 100 mM sodium acetate buffer (pH 4.5) at 50 C. Reactions were conducted in triplicate and the experiment was repeated. A control reaction was carried out by adding borate-borax buffer with 2-cyanoacetamide before the addition of substrate buffer and were assayed for each sample to determine background levels of reducing sugars.
PG activity was determined by a modified method described by Saad et al. (2007) . A 1% (w/v) agarose solution was heated until dissolved and a 0.1% solution of sodium polypectate pH 4.5 was added and mixed. Then 15 mL of the agarose solution was poured into 100 3 15 mm Petri dishes and allowed to cool. Four wells were punched in the agarose using a cork borer (2 mm diam), and solutions were pipetted into each of the wells. The plates were incubated at 37 C for 12 h before staining with 0.05% (w/v) ruthenium red solution for 1 h at 20 C. Plates were destained by flooding with deionized water for 30 min and viewed on a light box.
The effects of divalent cations on PG activity (0.0135 U) were determined by adding CaCl 2 , MgCl 2 , MnSO 4 and FeCl 2 at 1 mM final concentration to the PG activity assay reaction carried out at pH 4.5 at 50 C. Reactions were conducted in triplicate, and the experiment was repeated. The activity measured in the absence of cations was recorded as 100%.
Purified PG (0.135 U) was used to determine the hydrolysis products of polygalacturonic acid after incubation in 100 mM sodium acetate buffer (pH 4.5) for 0, 10, 20, 40 and 60 min and 24 h at 50 C. From the 0.5 mL reaction volume a 50 mL aliquot was removed at each time interval and flash frozen in liquid nitrogen. After freezing the samples were stored immediately at 280 C until analyzed. Thawed samples were then nitrogen-evaporated to dryness and resuspended in 20 mL 50% ethanol. A 5 mL aliquot from each time point was separated on a 10 3 20 cm glass thin-layer chromatography (TLC) plate precoated with 250 mm thick silica gel 60 (EM Science, Darmstadt, Germany). The monomer, dimer and trimer of galacturonic acid were used as standards. The TLC plate was developed in ethyl acetate: acetic acid : formic : acid : water, 9 : 3 : 1 : 4 (v/v/v/v). After development the plate was air dried in a fume hood 12 h and sprayed with orcinol reagent (0.2% orcinol [w/v] in methanol : sulfuric acid, 9 : 1 [v/v]). The plate was placed on a hotplate at medium-high heat for 3 min to view the galacturonic acids.
Isoelectric focusing-polyacrylamide gel electrophoresis (IEF-PAGE) of purified PG (50 mL desalted and 23 concentrated enzyme in 20 mM MES pH 6.0) was performed with ReadyStrip 11 cm IPG strips (pH 3.0-10.0, Bio-Rad) in a Bio-Rad PROTEAN IEF cell following the manufacturer's instructions. The strips were rehydrated along with the samples at 20 C for 12 h at 50 V followed immediately by isoelectric focusing: 1 5 250 V (linear) for 20 min; 2 5 8000 V (linear) for 2.5 h; 3 5 8000 V (rapid) for 20 000 V h at 20 C. The pI of the PG was determined by calibrating against standard proteins with known pIs (3.5-9.3, GE). The gel was stained with Bio-Safe Coomassie stain (Bio-Rad Laboratories) according to the manufacturer's instructions.
A Qproteome total glycoprotein isolation kit (QIAGEN USA), containing lectin affinity spin columns, was used to fractionate 0.540 U of purified PG according to the manufacturer's protocol. Fractions eluted from the column (flow through, wash, mannose elution and sialic acid elution) were collected and concentrated by acetone precipitation and analyzed for activity with the PG plate activity assay.
In vitro tissue maceration.-For in vitro tissue maceration tests both Anjou pear and Golden Delicious apple fruit were removed from 1.4 C storage and rinsed with soap and water. The fruit were sprayed with 70% ethanol and wiped dry. A surface-sterilized hand-held vegetable peeler was used to aseptically remove the peel from the fruit. Apple and pear tissue plugs were collected from the peeled area with a No. 2 cork borer (5 mm diam). All plugs were trimmed to 1 cm long with a sterile scalpel. Each plug was placed into 50 mL 100 mM Na-acetate buffer pH 4.5 in a beaker and incubated 1 h at 50 C. The plugs were removed from the beakers, blotted 5 s and the initial weight (0 time) was recorded. One tissue plug was placed into each 13 3 100 mm borosilicate tube and 2 mL 100 mM Na-acetate buffer pH 4.5 was added. Then either 25 mL buffer pH 4.5 or 25 mL (0.135 U) native PG enzyme was added to each tube. The samples were incubated at 50 C for 48 h. The plugs were removed from each tube, blotted on tissue paper 5 s and the weight was recorded. Tissue plugs were discarded, and the remaining buffer in the tubes was placed at 4 C for subsequent analysis of total soluble polyuronides.
Determination of total soluble polyuronides.-Polyuronides were determined according to the method described by Blumenkrantz and Asboe-Hansen (1973) . Briefly 100 mL buffer sample from each maceration assay was removed and placed in microfuge tubes. Tubes were vortexed briefly and centrifuged at 14 000 g 1 min. Ten microliters of the pooled buffer solution was added to 90 mL water in a 13 3 100 mm borosilicate tube and briefly vortexed to mix. Samples were placed in an ice bath and 600 mL of sulfuric acid tetraborate solution (12.5 mM tetraborate in concentrated sulfuric acid) was added. All samples were vortexed briefly and placed in a boiling water bath at 100 C for 5 min. Samples were cooled immediately on ice to room temperature, and 10 mL of m-phenylphenol reagent (0.15% m-phenylphenol in 0.5% NaOH) was added and mixed by vortexing. Absorbance (520 nm) of the samples was determined with a spectrophotometer (SmartSpec, Bio-Rad Laboratories). Concentration of polyuronides in buffer solutions from the maceration assay was determined according to a standard curve developed for galacturonic acid. All samples were assayed in triplicate and the experiment was repeated.
Immuno-dot blot.-To determine the serological relatedness of PGs from two distinct Penicillium species tissue was harvested from at least five fruit (decayed and wounded) and weighed. Samples were macerated (30-60 s) with a hand-held battery-operated drink mixer and combined with an equal volume of 20 mM MES (pH 5.5). After centrifugation at 11 000 g the supernatant was drained from the resulting pellets. The protein in the supernatant was precipitated with 1.5 volumes of 4 C 100% acetone. Samples were centrifuged at 11 000 g, drained and allowed to air dry. Pellets were rehydrated in 2 mL 20 mM MES and quantified with a Nanodrop spectrophotometer measuring absorbance at 280 nm. Each sample was spotted onto nitrocellulose membrane with equal amount of total protein (10 mg each). Membranes were incubated with a 1 : 100 dilution of anti-PG serum that was raised in mice (Biocon Inc., Rockville, Maoryland) against gel filtration and cation exchange-purified PG from P. expansumdecayed apple fruit (Yao et al. 1996) . Incubation and development of the immuno-blot was carried out with standard procedures according to Sambrook and Russell (2001) . The experiment was repeated twice and a representative result is presented.
RESULTS
P. solitum produced a single polygalacturonase isozyme during postharvest decay of Anjou pear, which was purified via a multistep process. Protein purification was evident as total protein concentration and total enzyme activity decreased while specific activity increased (TABLE I) . Single PG activity peaks were detectable for specific fractions after both gel filtration and cation exchange chromatography (FIG. 1) . SDS-PAGE analysis of the cation exchange purified material revealed a single prominent band of approximately 43 kDa (FIG. 2) . To verify the source of PG activity in P. solitum-pear fruit tissue produced by the fungus we conducted control experiments that previously demonstrated PG was undetectable in intact healthy and wounded Anjou pear fruit ( Jurick et al. 2010) . Results identical to what was shorn previously as a clearing zone were apparent from the 90% ammonium sulfate pellet collected from P. solitum-colonized material and lack of a clearing zone from both healthy and wounded 90% ammonium sulfate pellets (data not shown). Other protein fractions from intact healthy and wounded Anjou pear fruit, which included crude extract, 40% ammonium sulfate pellet and supernatant and 90% ammonium sulfate pellet and supernatant, also were assayed for PG activity and were undetectable with the PG plate assay and the reducing sugar assay (data not shown).
Purified PG was active pH 3.5-6 with the optimum at pH 4.5 (FIG. 3A) . Optimal temperature for PG enzyme activity was 50 C. However PG also was active at 0, 5, 10, 20, 37 and 70 C (FIG. 3B) . The purified and Fe 2+ were added to purified PG, which inhibited enzyme activity in vitro (FIG. 4) . The PG hydrolyzed polygalacturonic acid into monomers and oligomers as determined by thin-layer chromatography (TLC) but was unable to cleave digalacturonic and trigalacturonic acid substrates (FIG. 5) . A pI of 5.3 for the purified protein was determined by analytical isoelectric focusing (FIG. 6) . To assess whether PG activity was associated with a glycosylated enzyme fractionation of the purified PG was carried out with lectinaffinity chromatography. This experiment showed that PG activity was detected only in the flow through fraction and not in the wash, mannose and sialic acid buffer elution fractions (FIG. 7) .
To quantify the maceration capability of the purified PG pear and apple tissue plugs were incubated with purified enzyme from P. solitumdecayed pear tissue. Fruit tissue weight decreased in both pear and apple tissue after 48 h incubation with purified PG compared to buffer-only controls (FIG. 8) . Buffer solutions from macerated apple and pear tissue plugs also were assayed for total soluble polyuronide content. Pear tissue incubated with PG for 48 h at 50 C produced 13.2 mg soluble polyuronides compared with 7.99 mg from apple fruit tissue (FIG. 9) . Antisera raised against gel filtration and cation exchange-purified P. expansum PG reacted positively with crude protein extracts from P. expansum-decayed apple fruit as expected (FIG. 10) . A weaker yet positive reaction also was observed for P. solitum-decayed apple fruit tissue but not for P. solitum-decayed pear fruit. Wounded pear and apple fruit crude extracts served as controls and did not cross react with the anti-PG antisera.
DISCUSSION
Polygalacturonases function in both apple and pear during the ripening process by causing tissue softening (Hishawa et al. 2003 , Wu et al. 1993 ). However analysis of PG enzyme activity in healthy and wounded Anjou pear fruit tissue also has been demonstrated to be undetectable with ammonium sulfate precipitation followed by gel filtration and cation exchange chromatography (Jurick et al. 2010 ). This was confirmed by repeating experiments in this study FIG. 4 . Effect of divalent cations on activity purified polygalacturonase (PG) produced by Penicillium solitum in decayed Anjou pear fruit. Assays were carried out in the presence of 1 mM concentration of each compound. Relative activity was determined by assaying PG at 50 C in 100 mM sodium acetate buffer pH 4.5 for 2 h. Mean values represent pooled data from two experiments where samples were assayed in triplicate and adjusted using blanks. Data from two experiments were combined, and error bars represent the standard error of the mean.
FIG. 5. Thin-layer chromatographic analysis of hydrolysis products from the purified polygalacturonase (PG) produced by Penicillium solitum in decayed Anjou pear fruit. Lanes 1-4 5 monomer, dimer, trimer and mix of galacturonic acid standards respectively; lanes 5 and 6 5 enzyme only and buffer only controls respectively; lanes 7-13 5 hydrolysis products of sodium polypectate after incubation with 0.03 U purified PG for 0, 5, 10, 20, 40, 60 min and 24 h respectively; lanes 14 and 15 5 hydrolysis products of digalacturonate and trigalacturonate, respectively. and further substantiates the claim that the PG purified from decayed Anjou pear fruit was produced by P. solitum. PG activity from both wounded and intact pear fruit tissue using the PG plate assay with the 90% ammonium sulfate pellets was undetectable. Only the 90% ammonium sulfate pellet from P.
solitum-decayed pear fruit showed a clearing zone with the PG plate assay. Also no PG activity in healthy or wounded pear fruit was detectable in crude or (40 and 90% supernatant and pellet) ammonium sulfate fractions via the PG plate assay and also when measured with the reducing sugar assay (data not shown).
The PG isozyme produced by P. solitum-decayed pear fruit had been purified to homogeneity, which is supported by SDS-PAGE and IEF analyses. Biochemical evidence, (i.e. MW, temperature optima, pH optima, thermostability and inhibition by Mg 2+ and Fe 2+ ) also indicated that the PG isozyme produced in P. soltium-decayed pear is different from an isozyme produced in decayed apple fruit by the same fungus. A 43 kDa PG produced by P. solitum in decayed pear fruit is smaller than the 50 kDa PG isozyme that was isolated and characterized from P. solitum-decayed apple fruit ( Jurick et al. 2009 ). Optimal enzyme activity for PG produced during pear decay occurred at 50 C, which contrasted with the 20-37 C optima that was observed for the PG produced in decayed apple (Jurick et al. 2009 ). The PG produced in decayed apple also exhibits broad pH optimum at 4.0-5.0, while the PG from decayed pear had a distinct activity maximum at pH 4.5. The PG produced in decayed pear was more thermo-stable than the PG produced in P. solitum-decayed apple fruit. For the PG from decayed pear enzyme activity was still detectable after incubation at 100 C for 30 min, whereas the P. solitum PG isozyme from decayed apple tissue was inactivated after boiling 15 s ( Jurick et al. 2009 ). Additional evidence that the PGs produced in the two different pome fruits are distinct lies in the opposite effects (stimulation vs. inhibition) of Mg 2+ and Fe
2+
. P solitum PG produced during pear decay was inhibited by these two divalent cations, whereas they stimulated activity of the PG isozyme produced in decayed apple fruit ( Jurick et al. 2009 ).
Additional evidence that the PG produced by P. solitum in decayed pear fruit is distinct from the one produced in decayed apple fruit is evident in the data obtained from the immuno-spot blot. The anti-PG serum was generated with gel filtration and cation exchange purified PG from P. expansum-decayed apple fruit, which did not cross react with either wounded pear or wounded apple fruit. Coupled with the intense reaction for the protein sample obtained from P. expansum-decayed apple fruit demonstrates that the antisera is capable of recognizing a fungal PG and not a protein (or PG) from apple or pear fruit. Data from the immuno-spot blot also demonstrated that the PG produced by P. solitum in decayed apple fruit is immunologically distinct from the one produced in P. solitum decayed pear fruit. Taken together the biochemical and immunological data demonstrate that P. solitum produces a distinct PG during pear fruit decay than when the fungus is attacking apple fruit.
Enzyme activity at low temperature, the pattern of model substrate cleavage and lack of glycosylation are common characteristics shared among other fungal PGs. The purified PG from P. solitum-decayed pear fruit was active at 0-70 C. It had been demonstrated that the purified PG from P. solitum-decayed apple fruit was active at 2 C and at 70 C (Jurick et al. 2009 ). Activity of purified PG over a broad temperature range may enable the fungus the ability to macerate tissue and cause decay during long term cold storage, in storage bins in the field after harvest and/or at room temperature on grocery store shelves. The cleavage pattern of the PG purified from decayed pear is consistent with data from other fungal PGs with endo action that also were unable to cleave dimers and trimers of galacturonate (Bonnin et al. 2002 , Jurick et al. 2009 , Rexova-Benkova and Markovic 1976 . We demonstrated that the PG produced during P. solitum decay of pear fruit is not associated with a glycosylated protein, which is similar to the PGs produced during P. expansum decay of pear and apple fruit (Jurick et al. 2010 , Yao et al. 1996 . The pI of the purified P. solitum PG is ,5.3 and is in the range of other characterized fungal PGs, which vary widely 4.5-8.0 (Niture 2008) .
The ability of the purified enzyme to macerate pear fruit tissue in vitro indicates a biological role of this enzyme in postharvest decay. A 30% reduction in mass of muskmelon fruit plugs resulted from in vitro incubation of a purified PG from Phomopsis cucurbitae, which is higher than what is reported in this work (Zhang et al. 1999) . Approximately 11% reduction in mass of fruit tissue occurred when the native PG from decayed pear was incubated with apple tissue. The purified PG isolated from decayed pear tissue liberated greater amounts of polyuronides from pear than from apple fruit tissue. Increased polyuronides from pear fruit coupled with maceration capability might indicate a fitness advantage for the pathogen to secrete a host-specific enzyme. Residual soluble polyuronides detected in the buffer-only treatments might have been released from damaged and or dead cells when plugs were cut from intact fruit. This is the first study concerning the detailed biochemical isolation, purification and characterization of a PG from P. solitum during postharvest decay of Anjou pear fruit. P. expansum and P. solitum both cause blue mold and are among the top fungal postharvest decay pathogens of apple and pear fruit (Kim and Xiao 2008 , Rosenberger 1990 , Rosenberger, 1997 , Xiao and Boal 2009 ). Therefore we sought to determine the biochemical basis for their discrepancies in virulence on pome fruit. Our original hypothesis was that P. solitum might be less virulent than P. expansum due to the production of an inferior or less active PG. However data from our lab indicated this is not the case ( Jurick et al. 2009 ( Jurick et al. , 2010 . Therefore the main effect of this study is evident in the fact that, even though P. solitum is the less aggressive species, it possesses the capability to sense and respond to its host by producing a specific PG isozyme. Future studies will focus on the functional genetic analysis of fungal virulence factors produced by Penicillium species. These studies will be conducted with the long term goal of being able to combat these fungi using novel approaches that target the production and activity of fungal virulence factors (i.e. polygalacturonases), which have significant roles during decay.
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